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(57) Abstract: The present invention provides a method of inhibiting formation of solid hydrates in a conduit (10) used to contain 
a flowing, water-containing hydrocarbon, which method comprises introducing into said hydrocarbon in said conduit a gas (4, 5, 
6) which raises the pressure threshold for hydrate formation for said water- containing hydrocarbon, said gas being introduced in a 
manner which causes it to travel along at least part of said conduit in the direction of hydrocarbon flow. 
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Method of inhibiting hydrate formation 

The present invention relates to improvements in and 
relating to methods for combating gas hydrate formation 
in hydrocarbon conduits, 'in particular conduits in sub- 
sea production systems, and to apparatus therefor. 

The well stream from a hydrocarbon reservoir contains 
water in gaseous or liquid form. At high pressures and 
low temperatures water can form solid materials in which 
low molecular weight hydrocarbons, i.e. hydrocarbons 
which are gaseous at standard temperatures and pressures 
(STP) , are caged. One cubic metre of such a solid can 
entrap about 180 cubic metres (at STP) of gas. Such 
materials are normally referred to as "gas hydrates" or 
simply "hydrates" and will be referred to hereinafter as 
"hydrates" . 

For a sub-sea production system, the ambient temperature 
of the sea water surrounding the conduit (i.e. 
"pipeline" or "flow line") from the well head to the 
water surface, at its lowest is generally about 4°C. At 
this temperature, hydrates typically form at pressures 
of about 10 bar. Since the hydrocarbon flow through the 
conduit will routinely be at a pressure many multiples 
of this, hydrate formation, which can plug the conduit 
is a major risk. The temperatures at which hydrate 
formation occurs may be reached if hydrocarbon flow is 
reduced or stopped causing the hydrocarbon to cool below 
the temperature at which hydrate formation occurs, or if 
the flow path is so long that such cooling will 
inevitably occur. 

If a sub-sea conduit becomes blocked through hydrate 
plugging, not only does hydrocarbon production cease but 
unblocking is highly problematical. As mentioned above 
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one cubic metre of hydrate entraps about 18 0 STP cubic 
metres of gas - thus simply heating the blocked section 
of the conduit can cause a pressure surge which may be 
dangerous or damaging. Due to the serious consequences 
of a blockage it is common practice to protect the fluid 
in long (e.g. 4 0 or more km) sub-sea conduits against 
hydrate formation by continuous injection at the well 
head of hydrate inhibitors such as methanol or 
monoethylene glycol, or to introduce such inhibitors if 
an unexpected, shutdown occurs in shorter conduits, 
whenever this is possible. 

However, not only are such inhibitors expensive but they 
also reduce the sale price by contaminating the produced 
hydrocarbon . 

Where the hydrocarbon is produced sub-sea through a tall 
vertically extending (e.g. 500 m and above) rigid riser 
or through a flexible riser (in the bends of which 
liquid can pool) , the problem of hydrate formation can 
be particularly severe. 

While hydrate formation is particularly problematic in 
sub-sea production systems, it is of course equally 
problematic for surface pipelines/f lowlines in areas 
which experience ambient temperature which are below the 
hydrate formation temperature. 

Along the conduit from well-head to sea surface, the 
insulation efficiency will generally vary. The 
insulation efficiency is generally expressed as the heat 
transfer co-efficient U with insulation efficiency being 
smaller at larger values of U. Typically the U values 
for jumpers or spools (components of the conduit) may be 
two or more times greater than the U values for the 
flowlines (again, components of the conduit) . As a 
result, if flow stops heat loss at the jumpers and 
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spools is greater than at the flowlines and thus the 
hydrate domain is reached more rapidly so increasing the 
risk of hydrate formation in these components. 

When the production is closed down (whether planned or 
unplanned) it is therefore important to avoid entering 
the hydrate domain (i.e. the set of conditions where 
hydrate formation would occur) . One general method of 
doing this is to reduce the pressure in the conduit so 
as to avoid the temperature and pressure conditions at 
any stage of the conduit becoming conducive to hydrate 
formation. Alternatively, a hydrate inhibitor such as 
ethylene glycol may be introduced into the flow. 
Restarting the flow must likewise be carried out 
carefully so as to avoid creating temperature and 
pressure conditions conducive to hydrate formation. A 
further option for avoiding entering the hydrate domain 
is to maintain the temperature by applying heat to the 
conduit - this however requires appropriate heating 
systems to be in place. 

Thus there exists a continuing need for improved methods 
by which hydrate formation, e.g. plug formation, in 
hydrocarbon conduits may be prevented. 

We have now found that by introducing into the 
hydrocarbon flow a gas (i.e. a material which is gaseous 
at STP) which raises the pressure threshold (or reduces 
the temperature threshold) for hydrate formation, the 
risk of hydrate formation may be reduced and the time 
period during which preventative action may successfully 
be taken can be extended or the need for additional 
preventative action may be avoided. 

Thus viewed from one aspect the invention provides a 
method of inhibiting formation of solid hydrates in a 
conduit used to contain a flowing, water-containing 
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hydrocarbon, which method comprises introducing into 
said conduit a gas which raises the pressure threshold 
for hydrate • formation (e.g.- at the ambient temperature 
of the suroundings of the conduit, for example at 4°C) 
for said water-containing hydrocarbon, said gas being 
introduced in a manner which causes it to travel along 
at least part of said conduit in the direction of 
hydrocarbon flow. 

Typically the gas (the "inhibitor gas") will be 
introduced into the hydrocarbon in the conduit; however 
if desired it may be introduced into the conduit during 
shut-in conditions . 

The method of the invention is primarily for preventing 
solid hydrates from forming and is thus preferably 
effected before conduit blockage (plug formation) by 
hydrates occurs. 

In the method of the invention, the direction of 
hydrocarbon flow is the direction in which the 
hydrocarbon flows in normal operation. 

The gas used as a hydrate inhibitor in the method of the 
invention may be any gas capable of raising the pressure 
threshold for hydrate formation, i.e. for the 
hydrocarbon being transported along the conduit it moves 
the phase boundary between the hydrate and the 
hydrocarbon and water phases in the phase diagram in the 
direction of increased pressure at a given temperature, . 
here for the sake of clarity defined as being 4°C. 
Gases capable of achieving this effect include carbon 
dioxide, nitrogen and the group O gases (e.g. helium, 
neon, argon, etc.). However for reasons of efficacy, 
safety, and cost the use of nitrogen is most preferred. 

The gas used may be introduced as a single substance or 
in a mixture of substances, e.g. a mixture of two or 
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more gases having the desired effect (for example 
nitrogen and helium) or a mixture which has the desired 
effect but containing one or more gases (e.g. 
hydrocarbons) which on their own do not have the desired 
effect . 

The use of carbon monoxide or oxygen as the gas is not 
generally desirable for safety reasons. 

Whichever gas is used, the form in which it is 
introduced preferably contains less than 10% mole 
oxygen, especially preferably less than 5% mole, more 
particularly less than 2% mole. Similar limits apply 
for carbon monoxide. 

The use of a gas to inhibit hydrate formation in this 
way is counter-intuitive since the gas used will itself 
be capable of forming hydrates. 

The gas is introduced in a quantity sufficient to 
inhibit hydrate formation under the pressure and 
temperature conditions in the conduit - the pressure 
within the conduit and the rate of fluid flow within the 
conduit will of course determine whether or not hydrate 
formation is inhibited and the pressure and flow rate 
should thus be monitored and adjusted to ensure hydrate 
formation does not occur. Typically the gas will be 
added in quantities such that up to 100% mole of the 
fluid within the conduit immediately downstream of the 
gas injection site is the inhibitor gas. Desirably the 
figure will be at least 25% mole, more preferably at 
least 40% mole, especially at least 60% mole, more 
especially at least 80% mole, e.g. up to 99% mole, more 
preferably up to 95% mole. In view of the large volumes 
of gas used, it is of course desirable for economic 
reasons to use nitrogen. 
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It is nevertheless desirable that that portion of the 
fluid flow that contains the gas should be combustible 
and accordingly the quantity added may be kept to a 
level which permits this or alternatively hydrocarbon 
(e.g. methane, natural gas, etc.) may be added to the 
fluid flow downstream of inhibitor gas introduction to 
bring down the relative concentration of inhibitor gas. 
Such hydrocarbon introduction should of course take 
place at a point where there is no risk of hydrate 
formation, or after restarting flow after a 
depressurization . 

The method of the invention is especially suitable for 
use with sub-sea wells, in particular for preventing 
hydrate formation in one or more of the components in 
the conduit from well-head to above the water surface, 
especially jumpers (connections from well-head to 
manifold or template) , manifold, template, spools 
(expandable joints within the conduit), flowlines and 
both flexible and rigid risers. It may also be used 
within the sections of the well where the ambient 
temperature of the surrounding formation is low enough 
to permit hydrate formation (e.g. down to about 100 m 
below the mudline) and in above-surface sections of a 
conduit . 

The method of the invention may also advantageously be 
used in the annulus section of the well design. 
Normally, the annulus pressure is controlled by using 
methanol or glycol. Use of an inhibitor gas as 
described herein (e.g. nitrogen), will provide an 
alternative solution. Any leakage of the well stream 
into the annulus bleed line would thus be inhibited by 
the inhibitor gas. Another advantage with using the 
inhibitor gas is that it will accommodate in a more 
effective way for thermal volume expansions than would a 
liquid filled annulus bleed line. 
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The method of the invention may be used at different 
stages of well operation; however it is particularly 
advantageous to use it before, during and after a flow 
reduction or shut-down. 

In the case of an unplanned shut-down, the inhibitor gas 
is preferably introduced at one or more sites along the 
conduit, especially preferably sites upstream of one or 
more of jumpers, templates, manifolds, spools or risers, 
before, during or after depressurization. Introduction 
of the inhibitor gas in this way serves to extend the 
cool down time for sections of the conduit with high U 
values, i.e. sections particularly at risk of hydrate 
formation. Cool down time (CDT) is one of the key design 
factors and is the time a given structure will take to 
reach hydrate-forming conditions from production 
conditions. CDT requirements vary from field to field 
but usually are more stringent for deep-water than 
shallow-water applications. The addition of the 
inhibitor gas reduces the hydrate equilibrium 
temperature, automatically prolonging CDT and allowing 
more time for implementation of hydrate control 
measures. With the use of the method of the invention 
in this way, it is alternatively possible to reduce the 
insulation requirements for the components of the 
conduit and hence to reduce their cost. 

During a planned or unplanned shut-down, introduction of 
the inhibitor gas may also be used to reduce the need to 
depressurize the initially hydrate-free areas of the 
conduit. Thus for example for typical operating 
conditions where the flowing hydrocarbon has a 
temperature of 18 °C and the ambient seawater temperature 
is 4 to 5°C shut down would involve depressurizing from 
200 bar to about 10 bar. If nitrogen is added to a 
concentration of about 60% mole, depressurization to 
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about 20 bar will suffice while for nitrogen addition to 
a concentration of about 90% mole depressurization to 
about 50 bar may suffice. 

Inhibitor gas introduction may be affected relatively 
simply by providing a valve line from an inhibitor gas 
source to the desired introduction sites on the conduit 
or within the bore. Such lines are desirably thermally 
insulated and it may be desirable to heat the inhibitor 
gas before injection, e.g. on transit to the injection 
site. Inhibitor gas may typically be introduced from a 
nitrogen generator or nitrogen reservoir (e.g. a liquid 
or pressurized nitrogen tank) . Introduction may be 
operator controlled; however automatic introduction, 
i.e. computer-controlled in response to signals from 
flow monitors, will generally be desirable. 

In certain operating modes, it will be desirable to 
reduce or stop hydrocarbon flow upstream of the 
inhibitor gas injection sites so as to increase the 
relative concentration of the inhibitor gas in the 
conduit downstream of the injection sites. 

The inhibitor gas will generally be introduced under 
normal shut-in pressure, e.g. up to 300 bar for example 
10 to 250 bar. The inhibitor gas may alternatively be 
introduced into a partially or totally depressurized 
conduit, in which case a lower introduction pressure may 
suffice. In any event, the line from gas source to 
conduit introduction point will generally be provided 
with pumps and/or compressors. 

Where the inhibitor gas is used during depressurization, 
the quantity added and the rate at which it is added 
should be matched to the depressurization profile and 
the insulation characteristics of the conduit so as to 
ensure that the pressure and temperature conditions do 
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not become conducive to hydrate formation. Likewise 
during repressurization it will generally be desirable 
to add inhibitor gas and similarly match the quantity 
added to the repressurization profile. In many cases it 
may be desirable to' flush the conduit (e.g. from the 
well-head or other selected sites) with the inhibitor 
gas before hydrocarbon flow is restarted. Moreover it 
may be desirable to add a chemical inhibitor (e.g. 
glycol) to the hydrocarbon during repressurization. 

One particular region of the conduit in which use of the 
method of the invention is especially favourable is in 
risers where gas lift is required. 

Gas lift is used to drive liquid up tall deepwater 
risers. When depressurized, the residual fluid in such 
risers may create a pressure which is far above that at 
which, under ambient temperature conditions, hydrate 
formation occurs at the base of the riser. In normal 
operation, gas (generally natural gas) is inj ected -into 
the hydrocarbon flow at or near the riser base to drive 
the liquid up and out of the riser. In the method of the 
invention, before, during or after depressurization the 
gas lift gas may be switched to being inhibitor gas so 
as to minimize the possibility of the riser retaining 
sufficient liquid as to cause hydrate formation when 
depressurization is completed. Before and during 
repressurization the riser may likewise be flushed with 
inhibitor gas. Particularly preferably inhibitor gas 
flow in the riser is maintained during shutdown. This 
use of the method of the invention is particularly 
useful with risers having a vertical length of 100 m or 
more, especially 250 m or more, more especially 500 m or 
more . 

In a further aspect of the invention, the inhibitor gas 
may be injected into the conduit against the direction 
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of hydrocarbon flow in normal operation. This 
technique, which would generally be considered to be 
"bullheading" , is especially applicable for use with 
risers, especially ones with a large vertical extend, 
e.g. above 250 m, especially above 500 m; however it 
may be used to force the hydrocarbon content of the 
conduit further back, even to the extent of forcing 
hydrocarbon back down the well bore, e.g. to a depth at 
which the temperature of the formation is such that 
hydrate formation does not occur. This may be achieved 
by bull-heading with the inhibitor gas from the surface 
or may be achieved by inhibitor gas injection upstream 
of one or more of the valves in the conduit, optionally 
before, during or after closing such valves. In this 
way the nature of the conduit contents may be altered so 
as to minimize the chances of hydrate formation. To do 
this however the injection pressure of the inhibitor gas 
will generally need to be higher than that used for the 
earlier aspect of the method of the invention. 

Viewed from this further aspect the invention thus 
provides a method of inhibiting hydrate formation in a 
hydrocarbon conduit which method comprises injecting an 
inhibitor gas into said conduit at a pressure higher 
than that of the hydrocarbon therein whereby to reverse 
the direction of fluid flow within said conduit. 

Once again, the method is preferably one applied before 
plug formation and more preferably before hydrate 
formation occurs in the conduit so as to prevent hydrate 
formation from occurring or so as to reduce the extent 
of hydrate formation, especially so as to avoid plug 
formation. 

The invention also provides apparatus for operation of 
the method of the invention. Viewed from this aspect 
the invention provides a hydrocarbon transfer apparatus 
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comprising a conduit for hydrocarbon flow having a 
hydrocarbon inlet valve and a hydrocarbon outlet valve, 
an inhibitor gas source, and a valved line from said 
source to an inlet port within said conduit, said line 
optionally being provided with a pump. 

The components of the apparatus of the invention may 
include any of the components encountered in the 
hydrocarbon conduit from a hydrocarbon well-bore to 
above the water surface. 

Particularly desirably the hydrocarbon conduit will be 
provided with inhibitor gas inlets, valves and vents at 
a plurality of positions along its length so that the 
section of the conduit to be treated with the method of 
the invention may be selected as desired, i.e. so that a 
limited volume of the conduit may be treated if desired. 

The invention will now be illustrated with reference to 
the accompanying drawings in which: 

Figure 1 is a plot of a phase diagram for hydrate and 
gas (or hydrocarbon) /water at various levels of nitrogen 
content (the lines are respectively the hydrate 
equilibrium curves at (1) 100% mole nitrogen; (2) 95% 
mole nitrogen; (3) 90% mole nitrogen; (4) 80 mole 
nitrogen (5) 60 mole nitrogen; (6) 40 mole nitrogen; (7) 
20 mole nitrogen; and 1.5% mole nitrogen); and 

Figure 2 is a schematic diagram of a sub-surface 
hydrocarbon well equipped to perform the method of the 
invention . 

Referring to Figure 1 it may be seen that by increasing 
the nitrogen content of a hydrocarbon flow to 8 0% mole 
(for example), the hydrate equilibrium pressure at 4°C 
is increased from about 4 bar to about 30 bar (for the 
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hydrocarbon mixture used) . 

Referring to Figure 2 there is shown a sea level 
platform 1 linked to sea bed well-heads 2 via a conduit 
3. Platform 1 is provided with a nitrogen generator 4 
and a nitrogen line 5 equipped with pump 6 and valves 
(not shown) . The well-heads 2 are connected by jumpers 
7 to a template 8. Template 8 is connected via a spool 
9 to flowline 10. Flowline 10 is connected via a spool 
11 to a rigid riser 12. Hydrocarbon flowing from rigid 
riser 12 is fed to a reservoir 13 at the surface. 

Before, during or after depressurization or before or 
during repressurization, nitrogen from generator 4 may 
be injected into conduit 3 upstream of jumpers 7 and 
spools 9 or 10, or as a gas lift gas into the base of 
riser 12. 
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Claims : 

1. A method of inhibiting formation of solid hydrates 
in a conduit used to contain a flowing, water-containing 
hydrocarbon, which method comprises introducing into 
said hydrocarbon in said conduit a gas which raises the 
pressure threshold for hydrate formation for said water- 
containing hydrocarbon, said gas being introduced in a 
manner which causes it to travel along at least part of 
said conduit in the direction of hydrocarbon flow. 

2. A method according to claim 1 wherein said gas is 
added in quantities such that up to 100% mole of the 
fluid within the conduit immediately downstream of the 
gas injection site is the inhibitor gas. 

3. A method according to either of claims 1 and 2 
wherein solid hydrate formation is inhibited before, 
during and/or after a flow reduction or shutdown. 

4. A method according to any of claims 1 to 3 wherein 
said gas is introduced at a pressure of up to 300 bar 

(3xl0 7 Pa) . 

5. A method according to any of claims 1 to 4 wherein 
solid hydrate formation is inhibited in at least one of 
the components in the conduit from the well-head to 
above the water surface selected from the group 
consisting of jumpers, manifolds, templates, spools, 
flowlines, flexible risers and rigid risers. 

6. A method of inhibiting hydrate formation in a 
hydrocarbon conduit which method comprises injecting an 
inhibitor gas into said conduit at a pressure higher 
than that of the hydrocarbon therein whereby to reverse 
the direction of fluid flow within said conduit. 
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7. A method according to claim 6 wherein said conduit 
is a riser having a vertical extension above 250 m. 

8. A method according to any one of claims 1 to 7 
wherein said gas is selected from the group consisting 
of carbon dioxide, nitrogen, group 0 gases and mixtures 
thereof . 

9. A method according to any one of claims 1 to. 8 
wherein said gas is nitrogen. 

10. A method according to .any one of claims 1 to 9 
wherein said gas contains less than 2% mole oxygen. 

11. A hydrocarbon transfer apparatus comprising a 
conduit for hydrocarbon flow having a hydrocarbon inlet 
valve and a hydrocarbon outlet valve, an inhibitor gas 
source, and a valved line from said source to an inlet 
port within said conduit, said line optionally being 
provided with a pump. 
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